From the Internet of Energy point of view, adjacent building combined cooling, heating and power with microgrids (BCCHP microgrids) should be interconnected, which will generate better benefits, both economically and environmentally, from scarce energy resources through intelligent coordination. The interconnected-BCCHP (IBCCHP) microgrids will not only support energy with each other but also bring better benefits compared to the non-interconnected-BCCHP (NBCCHP) microgrids. A mixed-integer linear programming (MILP) economic dispatching approach incorporating piecewise linear efficiency curves model is proposed to compares the performance of IBCCHP microgrids and NBCCHP microgrids. Three buildings with CCHP microgrids in Shanghai are studied as an example, and simulation results are presented to demonstrate that the primary energy consumption (PEC), the carbon dioxide emissions (CDE) and the operation cost of the proposed IBCCHP microgrids are better than the NBCCHP microgrids, and the overall lifetime of the complete battery is improved. Furthermore, a sensitivity analysis is presented to provide various policy recommendations to promote the interconnection among buildings with the change of electricity prices and gas prices.
Introduction
The energy crisis and rising air pollution have led to a greater worldwide focus on the Internet of Energy, which will improve energy resource through intelligent coordination [1] . There has been much research on Internet of Energy concept and operation [1] [2] [3] [4] [5] [6] [7] [8] [9] . What is an Energy Internet? In many versions, information and communication technologies are directly borrowed into electric power flow or energy flow, while others technologies also utilize the descriptions in smart grid [10] . In China, the future Internet of Energy, with the smart grid as the core part, will develop into a reliable, cost-efficient, environmentally clean and interactive integrated energy system. The demands of various user-side energy forms and the energy quality must be satisfied by developing distributed generation, microgrids; a combined cooling, heating and power (CCHP) system and electric vehicle technology, at the distribution network side [11] . To ensure energy security effectively, a top-level design is necessary. With electricity as the main transmission medium, the Internet of Energy can flexibly accept the electricity converted by a variety of energy resources (coal, oil, natural gas, wind, solar, etc.). Due to these advantages, it is recognized as an important direction for future energy only studied a single building with a CCHP system or CCHP microgrids, considering the running cost, PEC, and CDE. Therefore, we employ a MILP economic dispatching model incorporating piecewise linear efficiency curves model for the IBCCHP microgrids in this paper. Simulation results are presented and compared the comprehensive performance of IBCCHP microgrids and the non-interconnected BCCHP (NBCCHP) microgrids. To the authors' best knowledge, the system performance of interconnected buildings with CCHP microgrids compared to that of the independent buildings with CCHP microgrids, based on PEC, operation cost, and CDE, has not been previously investigated in the literature.
The remainder of this paper is organized as follows. Section 2 proposes an MILP model to implement operation of the IBCCHP microgrids. Section 3 describes four operational modes of the IBCCHP microgrids in China and formulates three performance criteria (PEC, operation cost and CDE) to evaluate system performance between the NBCCHP microgrids and the IBCCHP microgrids. Section 4 demonstrates the case studies based on three buildings with CCHP microgrids. Finally, we conclude this paper in Section 5. Figure 1 shows the structure of a single BCCHP microgrids. There are three energy flows in the BCCHP microgrids (thermal energy flow, cooling energy flow and electricity energy flow). In this paper, we consider a BCCHP microgrids that includes a photovoltaic cell (PV), a battery, a micro gas turbine (MT), a gas boiler, an absorption chiller, an electric chiller, and heat exchanger, along with cooling, heating and electricity loads. are presented and compared the comprehensive performance of IBCCHP microgrids and the noninterconnected BCCHP (NBCCHP) microgrids. To the authors' best knowledge, the system performance of interconnected buildings with CCHP microgrids compared to that of the independent buildings with CCHP microgrids, based on PEC, operation cost, and CDE, has not been previously investigated in the literature. The remainder of this paper is organized as follows. Section 2 proposes an MILP model to implement operation of the IBCCHP microgrids. Section 3 describes four operational modes of the IBCCHP microgrids in China and formulates three performance criteria (PEC, operation cost and CDE) to evaluate system performance between the NBCCHP microgrids and the IBCCHP microgrids. Section 4 demonstrates the case studies based on three buildings with CCHP microgrids. Finally, we conclude this paper in Section 5. Figure 1 shows the structure of a single BCCHP microgrids. There are three energy flows in the BCCHP microgrids (thermal energy flow, cooling energy flow and electricity energy flow). In this paper, we consider a BCCHP microgrids that includes a photovoltaic cell (PV), a battery, a micro gas turbine (MT), a gas boiler, an absorption chiller, an electric chiller, and heat exchanger, along with cooling, heating and electricity loads. A schematic of the energy flows for IBCCHP microgrids is given in Figure 2 . Three areas with CCHP microgrids were connected by a steam and electricity bus. The electric power between the IBCCHP microgrids and the main grid may be bidirectional; renewable energy and MT are adopted to generate electricity to supply the end user needs. In some cases, extra electric power can be sold back to the main grid or used to charge batteries. Thus, IBCCHP microgrids can purchase power from the main grid or sell power to the main grid according to the demand. The rejected heat from the MT is recovered by the heat recovery system to produce cooling using an absorption chiller or heating using a heating exchangers. When there is not enough recovered heat, the gas boiler of the IBCCHP microgrids is used to provide extra heat. A schematic of the energy flows for IBCCHP microgrids is given in Figure 2 . Three areas with CCHP microgrids were connected by a steam and electricity bus. The electric power between the IBCCHP microgrids and the main grid may be bidirectional; renewable energy and MT are adopted to generate electricity to supply the end user needs. In some cases, extra electric power can be sold back to the main grid or used to charge batteries. Thus, IBCCHP microgrids can purchase power from the main grid or sell power to the main grid according to the demand. The rejected heat from the MT is recovered by the heat recovery system to produce cooling using an absorption chiller or heating 
IBCCHP Microgrids Model

Assumptions in the Research
We make various necessary assumptions to facilitate the following analysis. These assumptions are given below.
(1) The structure and capacity of the BCCHP microgrids have been fixed, and the rated capacity is sufficient to satisfy the peak load of the cooling, heating and power load. Furthermore, the power exchange is completed instantaneously. (2) All of the involved equipment can operate ranging at between 0% and 100% of its rated capacity.
Additionally, the efficiency of CCHP devices drops at partial load operation and the transmission loss of exchange power with the main grid and heat exchange power of all of the distribution equipment are neglected to simplify the analysis and calculation. (3) Based on the subsidy policy for PV from the government, the efficiency of PV generation that is adopted by the main grid is assumed to be 100 percent. 
Additionally, the efficiency of CCHP devices drops at partial load operation and the transmission loss of exchange power with the main grid and heat exchange power of all of the distribution equipment are neglected to simplify the analysis and calculation. (3) Based on the subsidy policy for PV from the government, the efficiency of PV generation that is adopted by the main grid is assumed to be 100%. 
Modeling of the Components
(a) Micro gas turbine:
The power output (P t mt ) of MT is relative to the fuel energy (F t mt ). The relationship between them can be obtained using a straight line [17] . where α and β are fuel-to-electric-energy conversion factors. U t mt represent operating status of the MT. The capacity and ramp rate constraints are define by Equations (2) and (3):
In this system, the input variables (consumed fuel and electricity) of each facility are in connection with the output variables (generated cooling, heating and electricity) through the nonlinear performance curves. Normally, low load leads to low efficiency. As shown in Figure 3 , the thermal and electrical efficiency of the MT is defined in Equations (4)- (7) through piecewise linearization [36] . The nonlinear efficiency curve changes to several line segments, thus the control problem can be modeled as a MILP:
where H t mt is the heat produced by the MT. A k mt is the coefficient of the thermal and electrical efficiency curve. B k mt is the block limit of the thermal and electrical efficiency curve. g k mt is the slope of block k of the thermal and electrical efficiency curve. v t,k mt is the binary variable encoding the thermal and electrical efficiency curve of the MT. L mt is the index set of the piecewise linear thermal and electrical efficiency curve. 
The power output ( t mt P ) of MT is relative to the fuel energy ( t mt F ). The relationship between them can be obtained using a straight line [17] .
where α and β are fuel-to-electric-energy conversion factors. In this system, the input variables (consumed fuel and electricity) of each facility are in connection with the output variables (generated cooling, heating and electricity) through the nonlinear performance curves. Normally, low load leads to low efficiency. As shown in Figure 3 , the thermal and electrical efficiency of the MT is defined in Equations (4)- (7) 
where F t b and H t b represent fuel consumption and the power output of the gas boiler in interval t, respectively. η b is the efficiency of gas boiler.
(c) Exchange power between the main grid and the microgrids:
where, P t grid and P t excess represent power provided by main grid and sold to main grid in interval t (kW), respectively. U t grid and U t excess represent absorbing/sending power state from grid by microgrids in interval t, respectively.
(d) Battery:
where W min bt and W max bt represent the minimum and maximum power of the battery (kWh), respectively. P t bt,chr and P t bt,dis represent charging and discharging power of the battery in interval t (kW), respectively. U t bt,chr and U t bt,dis represent charging and discharging state of the battery in interval t, respectively. σ bt , η chr bt and η dis bt represent energy loss rate, charging and discharging efficiency of the battery, respectively. The status-transfer flag of the charging/discharging battery U t tst,chr * and U t tst,dis * are define by Equations (12) and (13):
(e) Thermal storage tank [37] :
where H min tst and H max tst are lower/upper bound on thermal power released by TST (kW). H t tst,chr and H t tst,dis represent thermal power stored/released by thermal storage tank (TST) in interval t (kW), respectively. U t tst,chr and U t tst,dis represent charge/discharge state of TST in interval t. σ tst , η chr tst and η dis tst represent energy loss rate and charge/discharge efficiency of TST, respectively.
Optimal Operation Strategies under Different Energy Polices
Buildings, one of an important measure to reduce energy consumption, is facing new challenges due to the higher cost of the buildings using renewable energy and the low market acceptance at the initial stage, which is led to execute a financial support policy and provide subsidies to those promote programs using renewable energy since 2006. Under the central government's lead, local governments have improved their support of renewable energy applications. The policy mainly supports those projects applying solar energy, which includes hot water supply systems with solar energy and ground-source heat pumps. Considering the future development of the grid, IBCCHP microgrids have four operating modes under these policies.
Different Combined Operating Modes of IBCCHP Microgrids
IBCCHP microgrids combined with operating modes are divided into four modes in accordance with the PV subsidy policy and interactions with the main grid and the IBCCHP microgrids in Table 1 , in which ' √ ' means that source is in the IBCCHP microgrid. Table 1 . Four combined operating modes of IBCCHP microgrids.
PV MT
Sell by Subsidy
Sell by Sold Electricity Price No Sell Sell by Sold Electricity Price
No Sell
Mode 1-the power of the PV is consumed by local users, and the electricity produced by the MT is allowed to meet the end user needs or charge batteries and is not to be sold back to the main grid; Mode 2-the power of the PV with the subsidy policy is absorbed by the main grid, and the surplus electricity of MT will not be sold back to the main grid; Mode 3-the power of the PV with the subsidy policy is absorbed by the main grid, and the surplus electricity of the MT can be sold back to the main grid; and Mode 4-the power of the PV is consumed by local users, and the surplus power of the MT or PV can be sold back to the main grid.
System Constraints
Constraints of the model include the cooling, heating, and power balances and the operational constraints of each component.
(1) Power balance According to the four operational modes of the system, there are four methods of constraint for the power balance.
When the system is operating in Mode 1,
When the system is operating in Mode 2,
When the system is operating in Mode 3,
When the system is operating in Mode 4, 
(4) Constraints of the power exchange between the BCCHP microgrids and main grid:
When the system is operating in Mode 1 or Mode 2,
When the system is operating in Mode 3 or Mode 4, this constraint is equivalent to Equation (10).
Performance Criteria for IBCCHP Microgrids
As a result of the various types of distributed equipment, the evaluation of IBCCHP microgrids is becoming a critical issue, and it requires considerable effort to establish the evaluation methods and indicators that can assess IBCCHP microgrids performance in terms of energy use efficiency, economic and environmental benefits, or the combination of multiple factors. In this paper, both the enterprise efficiency and three criteria including the PEC, the operational cost and the CDE, are adopted to evaluate the performances of the IBCCHP microgrids.
The objective of the running cost criterion is to minimize the total operation cost. These include the cost of electricity purchased from the main grid, the cost of the primary energy consumed and PV subsidy. The cost is offset by the profits from selling electricity to the main grid.
(a) Purchased electricity cost:
(b) Sold electricity profits:
(c) Aging cost of the battery [38] :
(d) Natural gas cost:
(e) PV subsidy:
When the system is operating in Mode 1, When the system is operating in Mode 2,
When the system is operating in Mode 4,
where, C t ng , C t grid , C t excess , C t bt , and C t pv represent the natural gas cost, purchased electricity cost, sold electricity profits, aging cost function of battery and PV subsidy in time period t, respectively. R t ng is the tariff for natural gas (Yuan/kWh). R t grid is the tariff for purchasing power from the main grid (Yuan/kWh) and R t excess is the tariff for selling power to the main grid (Yuan/kWh). R t bt is charge/discharge of battery cycles cost (Yuan/per time). R pv is subsidy prices of the PV [39] .
The focus on environmental problems is increasing year by year; thus, for the BCCHP system, the CO 2 emissions have become an increasing and important factor. The amount of carbon dioxide emission can be expressed as followed.
When the system is operating in Mode 3 or Mode 4,
where µ f and µ e are the emission factors of natural gas and electricity, respectively. PEC is defined as the amount of site energy consumption plus losses that occur in the generation, transmission, and distribution of energy, which are the most direct and common indicator to reflect the operational efficiency of IBCCHP microgrids. Thus, this criterion is given firstly.
When the system is operating in Mode 2 or Mode 3,
When the system is operating in Mode 1 or Mode 4,
where Equation (33) represents Modes 2 and 3 and Equation (34) represents Modes 1 and 4. In Modes 2 and 3, the power of the PV is not involved in the optimization variables, however, it still produce environmental value from the point of view of the society. k f and k e are the site-to-primary energy conversion factors for electricity and fuel, respectively. Due to the characteristic of the given operation mode, P grid will be positive when the surplus electricity will be sold back to the main grid, and it will be negative when not. Figure 2 shows the structure of this IBCCHP microgrids, which is a real regional energy supply system in Shanghai, China. There are three areas in this microgrids, namely office area, food service area and library area. These areas are interconnected through thermal/cooling network and a power grid. The heating demands are met by natural gas, and the cooling demands are mainly provided for by heat and electricity. The hourly energy demands of one year are obtained by Energy Plus-simulation software [40] for building energy consumption systems. Figure 4 shows the hourly PV power and the cooling, heating, and power loads of one year for three BCCHP microgrids. Table 2 shows the peak-valley price [41, 42] . The price of natural gas is 3.24 Yuan/m 3 , which is 9.78 kWh/m 3 when converted into calorific units [43] . Tables 3 and 4 lists the rest of parameters used in this study, which are determined according to [17, [43] [44] [45] . The office area consists of a photovoltaic system (1 × 130 kW), a battery (1 × 200 kW), a gas micro turbine (1 × 120 kW), a boiler (1 × 500 kW), an electric chiller (1 × 150 kW), an absorption chiller (1 × 500 kW), and a heat exchanger (1 × 500 kW). The food service area consists of a photovoltaic system (1 × 150 kW), a battery (1 × 200 kW), a gas micro turbine (1 × 135 kW), a boiler (1 × 400 kW), an electric chiller (1 × 100 kW), an absorption chiller (1 × 500 kW), and a heat exchanger (1 × 600 kW). The library area consists of a photovoltaic system (1 × 200 kW), a battery (1 × 200 kW), a gas micro turbine (1 × 200 kW), a boiler (1 × 800 kW), an electric chiller (1 × 200 kW), an absorption chiller (1 × 800 kW), and a heat exchanger (1 × 900 kW). The ILOG's CPLEX v.12 optimization solver is utilized for solving the MILP and mixed integer quadratic programming (MIQP) model [46] . The case studies were coded using MATLAB 2013a and YALMIP toolbox, which were used to test the calculation performance [47] . The case studies were run on a PC with Intel(R) Xeon(R) E3-1230 v3 3.30 GHz and 8.00 GB memory. Figure 5 shows the one-year performance criteria for the IBCCHP microgrids and the NBCCHP microgrids. It can be observed that IBCCHP microgrids are better than NBCCHP microgrids under different operation modes as shown in Figure 5 . Mode 3 performs the best of all of the modes, regardless of IBCCHP or NBCCHP microgrids being chosen. Meanwhile, Mode 4 performs better than Mode 2 while Mode 1 performs the worst. Mode 4 represents the development of the smart grid and can reduce subsidies from the government for the new energy policy. The simulation results of Figure 5 can provide a better suggestion for the government to carry out Mode 4 in the future. Table 4 . Capacities and unit prices of the equipment in the CCHP microgrids. Figure 5 shows the one-year performance criteria for the IBCCHP microgrids and the NBCCHP microgrids. It can be observed that IBCCHP microgrids are better than NBCCHP microgrids under different operation modes as shown in Figure 5 . Mode 3 performs the best of all of the modes, regardless of IBCCHP or NBCCHP microgrids being chosen. Meanwhile, Mode 4 performs better than Mode 2 while Mode 1 performs the worst. Mode 4 represents the development of the smart grid and can reduce subsidies from the government for the new energy policy. The simulation results of Figure 5 can provide a better suggestion for the government to carry out Mode 4 in the future. Comparing IBCCHP microgrids with NBCCHP microgrids, the annual operation cost is reduced by 1.7 × 10 5 Yuan, and the CDE and PEC are reduced by 1.9 × 10 5 kg and 3 × 10 4 kWh, respectively, in Mode 1. In Mode 2, the annual operation cost is reduced by 1.6 × 10 5 Yuan, and the CDE and PEC are reduced by 1.7 × 10 5 kg and 4 × 10 5 kWh, respectively. In Mode 3, the annual operation cost is reduced Additionally, under different operation modes, the annual charge/discharge cycle number of the batteries of the NBCCHP microgrids is larger than IBCCHP microgrids in Figure 6 . Through the BCCHP microgrids combined operation, the annual total charge/discharge cycle numbers of the batteries of the IBCCHP microgrids will be decreased, which improve the overall lifetime of the three batteries.
Case Study
Overview of the Study on IBCCHP Microgrids
Result Analysis and Discussions
Office Area (kW) Library Area (kW) Food Service Area (kW)
MT 120 135 200 Gas boiler 500 400 800 Electric chiller 150 100 200 Absorption chiller 500 500 800
Result Analysis and Discussions
The results presented indicate good potential for IBCCHP microgrids. Comparing IBCCHP microgrids with NBCCHP microgrids, the operational cost and CDE reduction of Mode 2 are almost the same as Mode 1, but the reduction of PEC obviously varies. This is because the power of the PV with the subsidy policy is totally absorbed by the main grid in Mode 2. Excess electricity is not allowed to be sold back to the main grid (Mode 1 and Mode 2), while the operation cost, CDE, and PEC reduction are reduced significantly in Mode 3 or Mode 4, which is because the electricity of IBCCHP microgrids can be sold to sell the main grid, thus gaining considerable benefits, both economically and environmentally. In addition, IBCCHP microgrids can improve the overall lifetime of the three batteries via interconnection among adjacent isolated buildings. Currently, compared with Mode 1 and Mode 2, Mode 3 is widely used in China. However, Mode 3 requires the government to invest substantial subsidies. Mode 3 has an advantage over Mode 4 in term of the reduction of the operation cost, CDE and PEC. From the long term development of PV installation, the policy of subsidy has been gradually cancelled by government. With the development of the Internet of Energy, the power of the PV has been allowed to consume locally. Mode 4 has been accepted by the general public and has been widely applied in China. 
Sensitivity Analysis
China's natural gas consumption accounts for approximately 5.1% of the overall energy consumption [48] . Application of IBCCHP microgrids has been widely adopted to optimize China's energy consumption and to increase the proportion of natural gas used. The prices of electricity sold to the main grid and natural gas may affect the operational cost of IBCCHP microgrids if the equipment selected and their capacities remain unchanged. The results presented indicate good potential for IBCCHP microgrids. Comparing IBCCHP microgrids with NBCCHP microgrids, the operational cost and CDE reduction of Mode 2 are almost the same as Mode 1, but the reduction of PEC obviously varies. This is because the power of the PV with the subsidy policy is totally absorbed by the main grid in Mode 2. Excess electricity is not allowed to be sold back to the main grid (Mode 1 and Mode 2), while the operation cost, CDE, and PEC reduction are reduced significantly in Mode 3 or Mode 4, which is because the electricity of IBCCHP microgrids can be sold to sell the main grid, thus gaining considerable benefits, both economically and environmentally. In addition, IBCCHP microgrids can improve the overall lifetime of the three batteries via interconnection among adjacent isolated buildings. Currently, compared with Mode 1 and Mode 2, Mode 3 is widely used in China. However, Mode 3 requires the government to invest substantial subsidies. Mode 3 has an advantage over Mode 4 in term of the reduction of the operation cost, CDE and PEC. From the long term development of PV installation, the policy of subsidy has been gradually cancelled by government. With the development of the Internet of Energy, the power of the PV has been allowed to consume locally. Mode 4 has been accepted by the general public and has been widely applied in China.
China's natural gas consumption accounts for approximately 5.1% of the overall energy consumption [48] . Application of IBCCHP microgrids has been widely adopted to optimize China's energy consumption and to increase the proportion of natural gas used. The prices of electricity sold to the main grid and natural gas may affect the operational cost of IBCCHP microgrids if the equipment selected and their capacities remain unchanged.
This section studies the relationship between operational cost and the prices of electricity sold to the main grid for IBCCHP microgrids and natural gas in Mode 3 or Mode 4. The operational cost of IBCCHP microgrids will be affected by selling electricity to the main grid and the on-site natural gas consumption and by their prices. When the operational strategy of a CCHP microgrids is designed, only the operation cost fluctuates with the change of the price of electricity sold to the grid and the gas price. Similarly, comparison of the annual operational cost saving of IBCCHP microgrids and NBCCHP microgrids is defined to analyze the sensitivity.
In the optimal design, the electricity prices are selected to determine the optimal economic performance, which is regarded as the baseline of the electricity price. Then, the selling electricity price increases from 0.1 to 0.8 Yuan/kWh, and the natural gas price changes from 0.1 to 0.5 Yuan/kWh. In Mode 3, the changes of the annual operational cost of IBCCHP microgrids or NBCCHP microgrids with the selling electricity price and natural gas price are displayed in Figure 7 . It can be clearly seen that the annual operational cost saving decreases with the increase of the selling electricity price when at the same natural gas price for IBCCHP microgrids or NBCCHP microgrids. Different simulation results and conclusions are also obtained when the selling price changes at the same rate as the natural gas price. This section studies the relationship between operational cost and the prices of electricity sold to the main grid for IBCCHP microgrids and natural gas in Mode 3 or Mode 4. The operational cost of IBCCHP microgrids will be affected by selling electricity to the main grid and the on-site natural gas consumption and by their prices. When the operational strategy of a CCHP microgrids is designed, only the operation cost fluctuates with the change of the price of electricity sold to the grid and the gas price. Similarly, comparison of the annual operational cost saving of IBCCHP microgrids and NBCCHP microgrids is defined to analyze the sensitivity.
In the optimal design, the electricity prices are selected to determine the optimal economic performance, which is regarded as the baseline of the electricity price. Then, the selling electricity price increases from 0.1 to 0.8 Yuan/kWh, and the natural gas price changes from 0.1 to 0.5 Yuan/kWh. In Mode 3, the changes of the annual operational cost of IBCCHP microgrids or NBCCHP microgrids with the selling electricity price and natural gas price are displayed in Figure 7 . It can be clearly seen that the annual operational cost saving decreases with the increase of the selling electricity price when at the same natural gas price for IBCCHP microgrids or NBCCHP microgrids. Different simulation results and conclusions are also obtained when the selling price changes at the same rate as the natural gas price. Through subtracting the value of IBCCHP microgrids from NBCCHP microgrids in Figure 7 , Figure 8 is obtained. It can be seen in Figure 8 that the annual operation cost saving increases, then reaches the maximum value and then decreases when the natural gas price is 0.2 Yuan/kWh, except that the natural gas price is 0.1 Yuan /kWh in Mode 3. Through subtracting the value of IBCCHP microgrids from NBCCHP microgrids in Figure 7 , Figure 8 is obtained. It can be seen in Figure 8 that the annual operation cost saving increases, then reaches the maximum value and then decreases when the natural gas price is 0.2 Yuan/kWh, except that the natural gas price is 0.1 Yuan /kWh in Mode 3.
It is also shown in Figure 9 that the annual operational cost of IBCCHP microgrids and NBCCHP microgrids has the same trend in Mode 4. It should be noted that, with the increase of the selling price, the annual operational cost saving continues to decrease. Under the same natural gas price of 0.3, 0.4 and 0.5, the selling price has little impact on the annual operational cost saving. It is also obtained that the annual operational cost saving has the same trend in Mode 4. Compared with Mode 3, Mode 4's annual operational cost saving reaches the maximum value under a different selling electricity price when the natural gas price is 0.2 Yuan/kWh, as shown in Figure 10 . However, the selling price has a significant impact on the annual operational cost saving when the natural gas price is 0.3, 0.4 and 0.5 Yuan/kWh. The third energy revolution is Internet-based energy. China can encourage BCCHP microgrids to interconnect with each other under the current energy policy. The government promotes the application of this technology early in higher electricity sales to better improve the environment. Operational cost savings increase with the decrease of the selling electricity price when the price of China's natural gas is 0.2 Yuan/kWh. Meanwhile, these results can provide a base policy to reduce future government subsidy. Through subtracting the value of IBCCHP microgrids from NBCCHP microgrids in Figure 7 , Figure 8 is obtained. It can be seen in Figure 8 that the annual operation cost saving increases, then reaches the maximum value and then decreases when the natural gas price is 0.2 Yuan/kWh, except that the natural gas price is 0.1 Yuan /kWh in Mode 3. It is also shown in Figure 9 that the annual operational cost of IBCCHP microgrids and NBCCHP microgrids has the same trend in Mode 4. It should be noted that, with the increase of the selling price, the annual operational cost saving continues to decrease. Under the same natural gas price of 0.3, 0.4 and 0.5, the selling price has little impact on the annual operational cost saving. It is also obtained that the annual operational cost saving has the same trend in Mode 4. Compared with Mode 3, Mode 4's annual operational cost saving reaches the maximum value under a different selling electricity price when the natural gas price is 0.2 Yuan/kWh, as shown in Figure 10 . However, the selling price has a significant impact on the annual operational cost saving when the natural gas price is 0.3, 0.4 and 0.5 Yuan/kWh. The third energy revolution is Internet-based energy. China can encourage BCCHP microgrids to interconnect with each other under the current energy policy. The government promotes the application of this technology early in higher electricity sales to better improve the environment. Operational cost savings increase with the decrease of the selling electricity price when the price of China's natural gas is 0.2 Yuan/kWh. Meanwhile, these results can provide a base policy to reduce future government subsidy. 
Conclusions
In this paper, the performances of IBCCHP microgrids and NBCCHP microgrids for different operational modes (including the operational cost, PEC, and CDE reduction) were evaluated by using an economic dispatching model incorporating piecewise linear efficiency curves model. The main feature of this system is that the BCCHP microgrids can be interconnected according to the users' energy requirements. The BCCHP microgrids can provide energy support among buildings and obtain more profits both in economic and environmental aspects. The effectiveness of the proposed method has been demonstrated, through a case study of three buildings with CCHP microgrids in Shanghai, and the optimal analysis in this paper leads to the following conclusions.
In general, there is not a common trend among the three optimization modes presented in this paper. Optimizing all systems may bring about an inconsistent benefit reduction or improvement for each building, which can be attributed to the variation of the building loads, electricity and fuel cost, and carbon dioxide emission factors for the different modes. For these modes, the reduction of PEC reduces the CDE, and the operational cost always decreases when compared to the corresponding independent buildings with CCHP microgrids. The running cost, CDE, and PEC reduction will significantly change when electricity is allowed to be sold back to the main grid, which will bring a gain of considerable economic and environment benefits.
The model presented in this paper can be used for adjacent building with CCHP microgrids. It is believed that if this strategy is applied correctly and combined with other elements, such as benefit assignment, it can become a powerful and effective tool for the fundamental design of BCCHP microgrids. The efficiency of gas boiler η he Heat exchangers efficiency η hr Heat recovery system efficiency σ bt
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The energy loss rate of the battery η chr Coefficient of the performance of the electric chiller α, β
Fuel-to-electric-energy conversion parameter µ f
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